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2 n On all h-^gh priority circuits of any type where continuity of service 
i- importLt^and only the minimum outage time can be toxerated _ ( such 
as fire ha™ circuits, iateroffice or BIS trunk circuits, and data circuits.) 

2.12 On all carrier circuits uhere lightning incidence is significant. 

O 13 For all subscriber station protectors in areas with a record of high 
^ sLtion protection maintenance costs with carbon blocks or plant or 
ecuinne^^ damage due to lightning surges or power fault current induced surges. 

" 11 For nil Tiiainframe protectors in unattended central offices locatea xn 
^ areas with a record of high protector maintenance or equipment failure, 
caused by lightning or power fault current induced surges. 

1 Four basic factors should be considered in determining the general areas 
■■■“ In whSh to Ls gas tube protection. They are: U) Earth resistivity, 

('1'j lirhtninF incidence (3) long exposures to power systems with high faul 

kieS? set S I CM Section 825 App. "A") -d 4). 

replacing a grounded protector. The reasons for their consideration are as 
follows: 

'^1 As earth resistivity increases, the area of earth poteniiial ri.e cieated 
ty SJhtnirg stroke'^also increases. Thus, cables within a given distance 
of the ground termination of a lightning stroke will be exposed to higher v A 
tages in areas of greater earth resistivity than of low, and tne probabil y 
that the stroke will arc to the cable is increased correspondingly. 

2 '1'^ A- the frequency of thunderstorms, and hence of lightning strokes, _ 

tcISsec Ae pLbability that a given facility will be du™g 

a f?iven time period becomes greater, (e.g.. Plant in an area with lOO thunder 
storm days per year would be ten times more likely to receive a damaging f^^oke 
A rgAS SL “riod than one in a ten thunderstorm days per year area if all 

other variables were the same.) 

2.21 The greatest amount of lightning damage to telephone plant and equipment 
occurs in areas which have a com.bination of generally high earth ^es _ 
tivity (gSater than 500 meter-ohms or 50,000 ohm-centimeters) and high lightning 
SSdince (grSter thL 50 lightning storm days per year.) _The shaded portions 

of the map L Figure 1, "Lightning Damage : ^.oS'detelLd 

greater than average damage can be expected, bee TE & CM-801 for a more detail 

tiiscussion. 

2 14 Wiile Figures 1 and 2 indicate geographical areas where telephone systems 

^ p^obably^erience protection problems due to the above, the duty to 

which an arrester is subjected will vary widely within a small geographic area, 
e.F. one circuit route confined to a valley with tall trees _ for shielding may 
T'enuire minimal protection while another route less than a mile away may 
require extensive pi-otection because it serves an exposed hilltop location. 
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Protection experience gained from circuits serving similar locations within 
the area should be taken into account when considering the application of 
gas tube protection. 

2.25 Power fault current problems are generally associated with telephone 
plant located in close proximity and long parallels to power circuits 
with high fault currents, Th^e incidence of the faults on power systems are 
generally related to the incidence and severity of lightning. The anticipated 
number of lightning strikes in a given area is a function of the number of 
thunderstorms anticipated during the thunderstorm season. Figure^ 2, "Mean 
Number of Days with Thunderstorms, Annual" provides a guide to this considera- 
tion. 


2.26 In considering gas tube applications for induced surges from power fault 
currents, some plant routes either aerial or buried, will ^ be exposed to 

paralleling power lines while others will not. Power contacts will be a factor 
only where aerial cable or open wire is used and where they are involved in 
joint use with or built in close proximity to power lines or are exposed via 
line crossings. Again, experience in each specific area and for each plant 
route or, if experience is lacking, soxmd engineering judgement, should deter- 
mine the need and benefits that can be derived from the use ^ of gas tubes. 
(Calculations, as described in Appendix A to TE & CM-825, will be of value in 
formulating engineering judgements.) 

2.27 With maintenance and related labor costs soaring, eliminating long, 
time consuming trips to replace grounded protectors is a sound invest- 
ment. Thus remote stations in even moderate lightning areas should be equipped 
with gas tubes. 

3. GAS TUBE ARRESTER CHARACTERISTICS AND SURGE AND ARBESTER NOMENCLATUBE 

3.1 Basic Types of Gas Tubes: At the present time there are two basic types 
of gas tubes listed by REA. They are "Two Electrode" and "Three Elec- 
trode" types. Two electrode tubes are applied as totally separate and inde- 
pendent gaps between each side of the pair and ground. The devices operate 
independently of each other whenever the voltage to ground exceeds the break- 
do^^^n rating of the gaps. Thus, the tip side of a pair could breakdown and 
effectively short the tip side to ground. The ring side gap would not neces- 
sarily have broken down. This then could create a voltage difference between 
the tip and ring conductors, which could be fairly large. If this voltage is 
sufficient to breakdown the ring conductor gap, it in turn will short the ring 
side to ground. The three element tubes have three electrodes in the same gas 
chamber. One for each side of the pair and one for ground. In theory, when 
the voltage to ground on either side exceeds the breakdown voltages of the tube, 
the tube breaks down and the resulting ionization of the gas shorts both sides 
of the line to ground nearly simultaneously. ¥ith such tubes, the voltage 
between the tip and ring (transverse voltage) should generally be held to very 
low value:'. 


_ 3 - 



TE & CM-823 


3.2 Surge Characteristics 

3.21 A typical lightning surge is illustrated^^ Figure creS 

to be nonlinear in the early portion of its rise and also as 
is reached. As a result, the rate of rise is defined as the slope of the curve 
from 10 percent of its voltage or current amplitude (A) to 90 percent A. 
example, assume a surge with a 'crest voltage of 2,000 volts f ^ 

microseconds for the voltage to build to 200 volts, another fow me 
to reach 1800 volts, and three additional microseconds to reach 2000 volts. 
Using the crest voltage, the total time to reach crest, the result is a ^ 
of rise 2000 volts divided by 10 microseconds, or 200 V/m-s. This is not 
of the major portion of the wave's rise. The 10 to 90 percent por ion o^ 
rise time takL four microseconds to rise 1600 volts; thus the rate of rise as 
defined by EEA would be AOOV/ps during this "typical" time. This latter is t 
figure usually given as "Rate of Rise" by manufacturers. 

3.211 The typical surge decays exponentially after the crest voltage or 

current is reached. The standard industry practice is to ^describe this 
rate of decay by giving the time from initiation of the surge until the ^rge 
has decayed to l/2 its crest value. Other methods, such as specifying the time 
from crest to l/2 value, are used by some. In_ the interest of clarity and 
standardi25ation we recommend use of the terms in Figure 3. 


3.212 A surge is described by the crest voltage or current, followed by its 
wave shape, first the rise time then the time to decay to 1/2 value: 
e.g., 500 volts 5/1000 microseconds as illustrated in Figure 3. 

3.22 Figure 4: "Arrester Breakdown Nomenclature" — shows a plot of voltage 
versus ‘time for an arrester operation. 

3.221 Most arresters breakdown, and ground the circuit at a higher voltage 
when subjected to a surge than when subjected to slowly rising dc^ vol- 
tage. As a result, both surge and dc breakdown voltages are important. As 
surge breakdown voltage is a function of surge rate of rise, a surge breakdovn 
voltage should not be specified unless the rate of rise is also ^ given; e.g., 
a surge breakdown voltage of 1000 volts on a 500V/microsecond rise. 

3.2221 Breakdown: Defined as that point at which the arrester changes from 

a nonconducting to a conducting condition, where current is discharged 
through the arrester and the voltage drop across the arrester does not exceed 
50 volts. (NOTE; Breakdown should not be confuse d with failure.) 

3.2222 Breakdown Delay Time: REA defines this as the time that equipment 
protected by an arrester will be subjected to voltages xn excess^of 

the dc breakdown voltage of the arrester, e.g., a device protected ty a^350V 
arrester may be subjected to rising voltages (above the dc breakdown) of up _ to 
perhaps 1200V or more for two to three microseconds on a 500V/micro second ris^ 
While the time is small, the excessive voltage may damage the equipment. (.NUiJi.: 
Electronic equipment generally contains secondary lower voltage protection, suen 
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as zener diodes plus resisoors, which can withstand substantial voltage and 
current surges for a few microseconds.) 

3.2223 Transition Time: The time required from the initiation of breakdown 
until the voltage drop across the tube becomes less than 50 volts. 

The sum of transition time and rise time from dc breakdovm voltage to surge 
breakdovioi voltage represents ,the period during which a circuit will be sub- 
jected to greater than the normal dc breakdown voltages. Normally, the 
transition time should be less than one microsecond, hov/ever, the voltages 
encountered for this period may be substantially above the tubes rated dc 
breakdown. 

3.3 "Fail Safe" Operation of Arresters: The term "fail-safe" operation of 
arresters has many different meanings within the industry. To the 
telephone protection engineer, "fail-safe" operation means that the arrester 
will protect the equipment and/or personnel under virtually all overload and 
environmental conditions to which it may be subjected during its service life, 
and continue to provide protection after the arrester is no longer capable of 
clearing, or restoring the circuit to normal operation after a surge. From 
practical considerations this means that arrester failures must always be in 
the short circuited mode or low breakdown mode. 

3.31 Present designs of gas tube arresters are inherently not 100 ^ "fail-safe" 
by the above definition because their breakdown characteristics depend 

on the presence of a particular gas and pressure, which in turn depend on an 
intact seal of the enclosing tube. Loss of the seal usually results in a large 
increase in breakdown \’"oltage so that effective protection is lost and no in- 
dication of the loss is transmitted to maintenance personnel. Accordingly, 
the term "Fail-Safe" as defined above can not be applied to "gas tubes" of 
present designs. 

3.32 Air-gap carbon arresters of modern design do not depend on gas tight 
seals for their breakdown characteristics and normally fail in the 

short circuited mode if subjected to abnormally high currents or frequent 
breakdown. Accordingly, the terra "Fail-Safe" can be applied to carbon block 
protectors. 

3.33 Because of the various aspects of "fail-safe", REA uses the term only 
when its meaning is restricted to the definition given in Paragraph 3 . 3 . 

For gas tube surge arresters, REA will be using the following tenns: 

3.331 "Short circuit or low breakdown failure mode." Tubes having this 
failure mode should always fail from effects of operations by a 
decrease in breakdown voltage (to the point where normal line voltage causes 
the tube to fire, thus signalling a problem) or by a low resistance path which 
grounds the circuit. These units when mechanically intact should never fail 
by a significant increase in breakdown voltage. Gas tube types of station 
protectors listed by REA are reauired to comply with failure in the short 
circuit or low voltage mode. 
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3.332 "High breakdown voltage failure mode." Tubes having this failure 
mode should always fail as a result of operating duty by significant 

increase in breakdotm voltage. Tubes “with only this failure mode should never 
be used where personal shock hazard is a consideration. Some main frames 
protectors and field mounted electronic equipment protectors may utilize tubes 
with this failure mode. 

3.333 Since there are variations in the industry as °^ete^ne 

safe" operation, it is essential that borrowers axia engi 

precisely what is meant by the term when used by others. 


3.34 While gas tubes have been designed to minimize the possibility of seal 
breakage, consideration should be given to’ sample testing^ offgas tubes 
in telephone plant periodically to determine breakdown characteristics. Where 
the samples tested indicate a high percentage of failure, the testing should 
be increased to include other protectors w'ith the same general exposure. The 
time interval at which tubes should be sample tested will vary depending on a 
niuriber of f .actors. They include: 

3.341 Severity of lightning problem.s in the area. Tubes on a carrier route 
in North Dakota (a less than average problemi area,) should for example 

require less sampling than those protecting an identical route in Georgia. 

3.342 Importance of protector remaining operational. Tubes in station pro- 
tectors (when h\iman shock is a potential hazard) or on fire alerting 

circuits, should receive more frequent attention than single field mounted VF 

T'epGaters for example. 

3.343 Classification of tube employed. REA rates tubes as light, standard, 
or heavy duty depending on energy handling ability and life. The 

light duty tube should be expected to fail much earlier than the heavy duty 
tubes when exposed to the same number of strikes. 

3.344- Occurrence of power system faults. If tubes are exposed to severe 
power system faults, either by induction or conduction as indicated 
by damage to plant, consideration should be given to sample testing along 
the route where the fault or faults occurred. 

3.345 Gas tube test equipment for testing dc breakdown is available from 

several manufacturers. These devices are intended primarily to locate 
tubes which have failed in the high breakdown, low breakdown, or short cir- 
cuited mode. 

3.4 Arrester Breakdown: When selecting an arrester, the dc breakdown and 
breakdowns on surges rising at 500 and 10,000 volts per microsecond 
are usually of interest. 
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3® 41 DC Breakdown is of concern because if it is too low^ the arrester ^maj 
breakdoTO at a lower voltage than used to power the circuit associated 
with the arrester; e^g., an arrester breaking down at 90V would be a^poor 
selection for a carrier circuit with a 130V dc power supply^ or a voice fre- 
quency line employing 96V boosted battery and 155V rms ringing • 

3.42 Surge break down voltage is of interest because the arrester will not 
provide the required protection if its surge breakdown voltage is too 
high. The characteristics of surges induced in telephone plant vary widely. 

Rates of rise may be as slow as several volts per millisecond^ or as rapid as 
many thousands of volts per microsecond. In general^ the voltage at which an^ 
arrester will break down becomes greater as surge rate of rise increases. This 
is not, however, a simple linear relationship. In addition, the higher capaci- 
tance^of cable plant tends to slow the surge rate of rise and increase the 
decay time greatly compared to open wire plant. As a result, KEA requests 
surge breakdown data on only two rates of rise: 500V per microsecond and lOKV 
per microsecond. A study of the available information indicates that the 
former is tjqDical of surges in cable while lOKV/microsecond is appropriate for 
open wire. 

3.5 Single Surge Capability: This parameter is a measure of ^ the largest 
single current surge an arrester can be expected to survive without 

significant damage. In order to obtain an objective comparison between several 
arresters, the surge test waveshape must be the sam.e for all samples. 
fallacy of comparing single surge capability on different wave shapes is illus- 
trated by the following example: 

3*51 The energy delivered to the arrester is approximately proportional to 
the product of I^xT. The energy in a lOKA 10/50 wave is shown by the 
cross-hatched area in Figure 5j while Figure 6 illustrates that in a lOKA 10/20 
wave. From these figures, it becomes readily apparent that an arrester ^ rated 
at lOKA on a 10/50 wave will handle much more energy than one rated similarly 
on a 10/20 wave. 

3.6 DC Holdover: When an arrester is on a line which has dc impressed on it, 
and is subjected to a surge, there is a tendency for the dc to force the 

arrester to remain in the low impedance, or short circuited state after the 
surge has passed to ground. The dc holdover voltage is defined as the maximum 
level of dc under which an arrester may be expected to clear and restore the 
circuit to normal operation after being subjected to a breakdown while dc 
voltage is standing on the line. Holdover is a function of both voltage across 
the arrester and available current. As a result, REA recommends that carrier 
suppliers design power feeds that limit or remove current when nearby gas tubes 
operate. REA recommends a rather complex circuit and a series of waveshapes for 
testing this characteristic. These arrangements are discmssed in i^-55.^^ 
capability of a tube should always exceed the maximum steady state dc applied 
on the circuit being protected. For example, a tube with dc holdover^ of 90V 
would be a poor choice for a circuit employing a loop extender whicla is powered 

";by-iiov..::' , 


^ 7 ^ 



TE & CM-823 


3.61 Special consideration should be given to dc holdover when using^ „ 

electrode gas tubes with some carrier systems. As the two elecuio . 
connected to tip and ring share a common gas chamber, ^ there is a possi ^ 
dc holdover from line to line when the carrier power is applied ^ ^+0 

voltage from one line to ground and a negative voltage from the o^ er ine 
ground. For example, a three electrode gas tube used with a ^carrier sys 
powered by + 125 volts line to ground would be required to withstan -O ^ 

from line to line, •unless special circuitry is incorporated in the power ee 
to limit the current available •under breakdown conditions. 


3.7 Surge Life: While some gas tubes have excellent single surge capa 1 1 y? 
experience has shown they can be made to fail by repeated applica ° 

lesser surges. As the primary reason for using, gas tubes in place o car on is 
to obtain an increased service life, the number of s^urges an arrester can surviv 
without failure is very important. In order to obtain an objective comparison 
between several arresters, the surge test waveshape must be the same or a 
samples. REA has selected the 500 amperes lO/lOOO microsecond and lOKA 1/5 
microsecond waves. NOTE: 'When checking surge life, the mode of failure 
(arrester shorted, or arrester strike voltage increased beyond tolerance] is 
very important. (See the discussion of "Fail-Safe" in Paragraph 3.3*) 


3.8 6OHZ Current Carrying Ability: An arrester may be subjected to 6OHZ 

either through direct contact, when a power line falls on aerial cable 
or open wire , or through induction in the case of a phase -to-phase power fault 
or a phase-to-gro^und fault on a near by power system that does not contact "toe 
telephone plant. As a result, the 6OHZ current carrying ability of an arres er 
is of interest. A typical power circuit breaker requires up to about 11 cycles 
(0.I8 second) maximum to trip. Therefore, data furnished by manufacturers o " 
the gas tube on characteristics should cover tests made for this duration time. 


3 Q First Time Effect: Recent field experience has sho^wn that some gas 'tubes 
exhibit "First Time Effect". That is, when placed in a darkened environ- 
ment for two weeks or more without being energized, the tubes may demons ra e 
an initial breakdown well in excess of their rated breakdown (e.g., a ^ 

at 35OV, dc, normally breaks dom about 750V on a 500V/p.s si^ge. Due to Firs-t 
Time Effect this tube may not breakdown until 2100V on the ^^i^st surge af 
inactive period. ) Subsequent breakdowns, unless the 
storage period is repeated, should be normal. The initial 

may be sufficient to permit electronic equipment to be damaged. Tubes meeting 
REA specifications are free from this characteristic. 

3.10 Physical Construction: The ability of a gas tube arrester to retain 

gas is of primary importance if it is to serve its function as ^ arrester. 
As a result, the physical construction of the tube should be considered care 
fully when specifying a gas tube arrester for specific applications . In general, 
tubes of metal and ceramic construction will prove more rugged than those pri- 
marily of metal and glass. 
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4. SELECTION OF AN ARRESTER 


4»1 The best arrester for any given application can be determined by consi- 
dering the major characteristic of the available arrester (Paragraph 3) 
and the characteristics of the equipment that is to be protected as well as the 
economics of the situation. 

4»11 The provision for adequate electrical protection for special electrical 
equipment such as carrier, VF repeaters etc., used in telephone systems 
is the responsibility of the equipment supplier. Usually this involves sped— 
xiciilly designed combinations of zener diodes and resistors to provide low 
voltage protection for solid state circuitry, coordinated with the surge break- 
down characteristics of gas tube or carbon block arresters. In some cases, the 
user has the option of specifying gas tubes or carbon blocks that are supplied 
with the equipment. 

4.12 It is the responsibility of the telephone company to provide adequate 
subscriber station protectors. If a decision, based on information 

containeci in Paragraph 2, has been made to replace carbon protectors with gas 
tube protectors, there are overriding human and subscriber property safety 
considerations that should be given careful thought. If replacement of the 
complete protector is involved, the replacement should be one of those listed 
on page "ni" of the "List of Materials Acceptable for Use on Telephone Systems 
of rEA Borrowers." To have such a listing the protector must meet all appli- 
cable requirements of REA Specifications PE-42 and PE-55 or PE-56. If replace- 
ment of only the arrester unit is contemplated the resulting combination of 
arrester units and mounting should be listed by UL and meet all applicable 
requirements of REA Specifications mentioned above. 

4.1--1 In order for a gas tube to be listed for use in station protectors, it 

must meet the requirements of a standard or heavy duty tube as set forth 
in PE-55 and PE-56. Station protectors employing both classifications are avail- 
able, and their listing in REA's "List of Materials" designates which classifica- 
tion each meets. In general, heavy duty protectors are more expensive than 
st.indard duty units, however, their energy handling ability and life expectancy 
are also greater. Thus, in situations where powt'r crosses, induction, or 
lightning strokes are musually heavy, the use of heavy duty tubes should 
be considered. Engineering judgement will be required in making the decision 
between standard and heavy duty tubes, depending on the anticipated exposure. 

4.13 In the case of a cable carrier system, outage time becomes the prime 
consideration. Breakdown voltage on a surge rising at a rate of 500V/m.s 

simulating lightning in cable, as discussed in Paragraph 3. 2j is of concern. DC 
holdover is another characteristic of concern with carrier because some systems 
are pov/ered from the central office by dc in excess of + 130 volts to ground. 

With cable carrier, generally the chance of a 60Hz power contact is small, so 
tubes without a high 60Hz current carrying ability could be used. 

4.14 In the case of an open wire line serving a critical Forest Service fire 
tower, high atop a rocky ridge, where outage time must be held to the 
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mininum, breakdo^ voltage at IOKA/jj-s would be very important, as explained 
in raragraph 3.22. Also, greater energj’' handling ability would be desirable 
and, as there is a risk of 60Hz power contact, a heavy dutv tube with good 60Hz 
current carrying ability should be chosen. 

4.15 In the case of a microwave installation on top of a hill, the overriding 

f j-v, would be as^ring minimum channel outage. The location 

o e acility is such tnat it wo'old probably receive many more than the 
average number oi severe lightning strokes. Microwave systems tisually carry 
a arge number of circuits which shoixld be protected where the circuits are 
ermina ed at carrier or voice frequencies. Under these conditions the cost 
° arresters is a very minor consideration. The arrester having the greatest 

^ ^ withstand very large and repeated surges without becoming permanently 

grounded, or without being physically damaged should be used. 

4.16 In the^case^of the mainframe in an unattended central office serving a 

igh lightning area through primarily buried plant, with no potential 
power fault problems, it might be possible to use light duty gas tubes, and 
save money on the installation 'rfhile gaining the advantage of gas protection. 

onverse y, if severe surges are reaching the office, standard or heavy duty 
tubes may be justified. 

4.17 In choosing whether the three element or two element types of gas tubes 
should be utilized, the nature and extent of exposure to lightning or 

power surges and the vulnerability of the equipment should be considered care- 
equipment protected is not partictxlarly sensitive to transverse 
vo ages hen either type of tube could be used. The selection should then be 
made on the basis of total relative costs of the protection systems. On the 
other hand, transverse voltage sensitivity would favor the selection of the 
three element tjrpe. 

4.18 The above are but a few examples in the process of selecting the proper 
gas tube for a given task. To provide examples of all cases in which 

gas tubes might be used and guidelines for tube selection would be impractical. 

AS a result, the above examples have been included to illustrate the methods' 
and lines of reasoning employed. 
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